A systematic review of studies in humans was conducted to update evidence on the association between the amount of sugars intake and dental caries and on the effect of restricting sugars intake to < 10% and < 5% energy (E) on caries to inform the updating of World Health Organization guidelines on sugars consumption. and South African Department of Health. Eligible studies reported the absolute amount of sugars and dental caries, measured as prevalence, incidence, or severity. The review was conducted and reported in accordance with the PRISMA statement, and the evidence was assessed according to GRADE Working Group guidelines. From 5,990 papers identified, 55 studies were eligible -3 intervention, 8 cohort, 20 population, and 24 cross-sectional. Data variability limited meta-analysis. Of the studies, 42 out of 50 of those in children and 5 out of 5 in adults reported at least one positive association between sugars and caries. There is evidence of moderate quality showing that caries is lower when free-sugars intake is < 10% E. With the < 5% E cutoff, a significant relationship was observed, but the evidence was judged to be of very low quality. The findings are relevant to minimizing caries risk throughout the life course.
H istorically, numerous independent expert and consensus reports have concluded that sugars are the most important dietary factor in the development of dental caries (Sheiham, 2001; WHO/FAO, 2003) . However, recommendations have not yet been developed through systematic review of the evidence.
In 2010, the World Health Organization (WHO) launched a Guideline Development Process defining a protocol for the process of revising and issuing dietary recommendations for populations (WHO, 2010) . To update the recommendations for sugars through this process, WHO commissioned a systematic literature review. The objectives were to systematically review all available published data relating to the amount of sugars consumption and levels of dental caries and to report the findings for both adults and children. The WHO guideline development group formulated questions relating to the effects of sugars on dental caries (Table 1) . These questions pertained to whether increasing or decreasing the amount of sugars intake affected measures of dental caries and whether the evidence supports a threshold for intake.
MEtHODs
Guided by the WHO Guideline development process, a systematic review was conducted and reported according to the PRISMA statement (www .prisma-statement.org).
All appropriate randomized controlled trials (RCTs) and intervention and observational studies, published since 1950, were sought. Reviews were included if they contained a new analysis of existing data.
Participants were healthy humans (without acute illness, but those overweight or with hypertension or diabetes could be included) in developing, transitional, or industrialized countries. All age groups were included. No language restrictions were used.
Studies were included if they reported any intervention intended to alter sugars intake in one arm of the study compared with diet with a different sugars content in another study arm, and also included information on dental caries, change in caries, or comparisons of higher vs. lower caries as an outcome, with a timescale of at least one year. Observational studies were included if they reported absolute sugars or change in sugars intake and also included information on dental caries (as defined above). All timescales were included.
Sugars were defined as any of: total sugars, free sugars, added sugars, sucrose, non-milk extrinsic (NME) sugars, expressed as g or kg /day or /yr or as percentage E. This review, therefore, aimed to identify the evidence for total sugars (and any component thereof) on dental caries. Studies were also Systematic Review to Update WHO Sugars Guidelines included if they reported a per capita population sugar intake. Studies that reported solely on frequency of sugars intake were excluded.
Dental caries outcomes included were: caries prevalence, incidence and/or severity, measured as DMF Index, DMFT, dmft, DMFS, dmfs, deft, dft, or 
study selection
Search hits (titles and/or abstracts) were initially screened by one person to exclude studies clearly outside the scope of the review. The remaining search hits were subjected to independent duplicate assessment of inclusion. Included studies were subjected to duplicate data extraction. Differences between reviewers' results were resolved by discussion. Studies were grouped by type: intervention, cohort, population, or cross-sectional. Details of the individual studies included are presented in Supplemental Material 3 (Details of Included Studies).
Assessment of Quality of Evidence
The Grading of Recommendations Assessment Development and Evaluation (GRADE) system (GRADE Working Group, 2004 ) was used to assess the quality of the body of evidence in relation to each of the review questions. The GRADE system rates the overall quality of evidence by taking into consideration factors including: design limitations, consistency of results across the available studies, precision of results, directness and likelihood of publication bias, magnitude of effect, evidence of a dose response, strength of association, and the direction of plausible biases. The quality of the evidence was categorized as high, moderate, low, or very low. GRADE assessment (see Supplemental Material 4; Grade Profile Tables) was carried out to assess the entirety of the body of evidence by the authors and was further refined with the guidance by the NUGAG Subgroup on Diet and Health.
rEsults
The Fig. presents a flow diagram for the searches and identification of included studies. From all databases combined, 5,990 search hits were found. After initial screening, 284 potentially relevant papers were identified and further screened to exclude papers that clearly did not include an absolute measure of sugars intake. The remaining 116 full papers were assessed for inclusion/exclusion by two reviewers. Sixty-five papers were included (from 55 studies) and 43 (42 studies) were excluded What is the effect on dental caries of a reduction in free sugars intake in adults? 2
What is the effect on dental caries of a reduction in free sugars intake in children? 3
What is the effect on dental caries of an increase in free sugars intake in adults? 4
What is the effect on dental caries of an increase in free sugars intake in children? 5
What is the effect on dental caries of restricting sugars intake to below 10% energy to reduce risk of dental caries in adults? 6
What is the effect on dental caries of restricting sugars intake to below 10% energy to reduce risk of dental caries in children? The majority of studies identified were conducted in children, while only 4 studies were of adults. One study examined both children and adults. No RCTs were identified. Of the included studies, 3 (4 papers) were intervention, 8 (12 papers) were prospective cohort, 20 (25 papers) were population, and 24 (25 papers) were cross-sectional. Tables 2 and 3 summarize the included studies. References cited are for the first publication from the corresponding cited study. A full list of references from each study is provided in Supplemental Material 3.
Assessment of Data for Meta-analysis and Dose-response
There was considerable variability in the data-reporting formats, e.g., the range of outcomes (e.g., DMFS, dmfs, DMFT, dmft, % caries, caries incidence), the types of outcomes (e.g., continuous data, odds ratios, number with caries, % with caries, caries prevalence), the ages of studied populations, variations in study length, the range and variety of interventions (for intervention studies), the time points at which outcomes were measured, the years over which the studies were conducted (from 1950 to present), and differences in, or lack of information on, fluoride exposure. There was variation in the terminology used for reporting sugars; however, the reviewed studies largely related to sugars intake which, using current terminology, would be described as 'free sugars' (WHO/FAO, 2003) .
Moreover, some studies examined higher and lower tertiles of sugars intake and the effect on dental caries. Other studies took higher and lower quartiles of dental caries and then examined the sugars intake of those groups. As a result, the data were not in any consistent format to provide sufficient data to allow pooling within each study type. However, some crude analyses were conducted by pooling data across study types (Appendix). Doseresponse data, where available, are described in Supplemental Material 3.
Since this systematic review did not identify any RCTs, and the non-randomized intervention studies had serious design flaws, the GRADE profile was generated from the cohort studies.
Effect of reducing or increasing sugars
The analysis included 8 cohort studies (Table 4 ). None was excluded on the basis of quality. Six studies reported free sugars or components of free sugars, and 2 reported total sugars. Six out of 8 studies accounted for fluoride exposure.
A consistent association was detected: 7 out of 8 studies reported higher dental caries with higher sugars intake. For the analysis relating dental caries in adults, data were not downgraded for indirectness, although all cohort studies were conducted in children. This was because the etiology of dental caries is the same in children and adults and because dental caries is a progressive disease, tracking from childhood to adulthood. Although no cohort studies in adults were identified, analysis of data from all identified studies of adults of other study design detected a statistically significant positive relationship between sugars and levels of caries.
Although data from the cohort studies were not suitable for pooling, there was evidence of a large effect for the individual cohort studies. Rodrigues et al. (1999) reported an OR of 2.75; References cited are for the first publication from the corresponding cited study. Where studies are associated with more than one paper, a full list of references from each is provided in Supplemental Material 3. † '+' indicates a positive and significant relationship between sugars and dental caries, '0' indicates no significant relationship, and '-' indicates a negative and significant relationship. If results were reported for separate cohorts within the same study, all relationships are listed and separated by a forward slash ('/'). *Ages are listed as reported. If age range was reported, the lower and upper limits are listed by a dash ('-'). If a mean was reported that is indicated, or if more than one age cohort was reported, the ages of each cohort are listed, separated by a forward slash ('/').
text continues on p.13 References cited are for the first publication from the corresponding cited study. Where studies are associated with more than one paper, a full list of references from each is provided in Supplemental Material 3. † '+' indicates a positive and significant relationship between sugars and dental caries, '0' indicates no significant relationship, and '-' indicates a negative and significant relationship. If results were reported for separate cohorts within the same study, all relationships are listed and separated by a forward slash ('/'). *Ages are listed as reported. If age range was reported, the lower and upper limits are listed by a dash ('-'); if a mean was reported, that is indicated; if more than one age cohort was reported, the ages of each cohort are listed, separated by a forward slash ('/'). Rugg-Gunn et al. (1984) reported regression of DMFS increment on amount of sugars, which indicated that there was an average increase of 1.28 DMFS over 2 years with each rise of 100 g/day of sugars; Ruottinen et al. (2004) reported DMFT in a high-sugars-consumption group of 1.4 compared with 0.5 in a low-sugars-consumption group; and Burt et al. (1988) reported that each additional 5 g of sugars intake was associated with a 1% increase in the probability of developing caries. Data from A low statistically significant correlation between DMFS increment and amount of sugars intake was found. Regression of DMFS increment on amount of sugars indicated that there was an average increase of 1.28 DMFS over 2 yrs with each rise of 100 g of sugars intake. Highest total sugar intake (163 g, of which 122 g added, i.e., > 10% E) developed 0.9 DMFS per yr more than lowest total sugars intake (78 g/day, of which 46 g added < 10% E). Those in the lower sugars group developed 3.2 DMFS over 2 yrs. *Stecksen-Blicks and Gustafsson, 1986 Permanent 88 13-year-old and 83 8-year-old Swedish children. Those aged 13 yrs in the lower caries group consumed ~ 9.8% E as sucrose (52.4 g/day) compared with ~14.5% E (76.9 g) in the high-caries group. Those in the lower-caries group developed 0-2 cavities. Difference in mean sugars intake of high-vs. low-caries groups in children aged 8 did not reach significance. Discriminate analysis showed meals per day and sugars intake correctly classified 61% of 8-year-olds as high/low caries. Battellino et al., 1997 Primary 820 Argentine children aged 4 yrs at baseline. A relationship between lower socio-economic class and higher caries was found. The correlation between the amount of sugars consumed and dmft was r = +0.4. Mean sugars intake of all groups was > 10% E. Burt et al., 1988 Permanent 499 1-to 15-year-old children in the USA. A higher % E from sugars increased the probability of caries on all tooth surfaces. A high sugars intake (g/day) was associated with total caries increment. Each additional 5 g sugars was associated with a 1% increase in the probability of developing caries. Comparing high-and low-sugars consumers, a small, non-significant difference in pit and fissure caries was found. A 3-fold increase in approximal caries, bordering on significance, was found (p = .06). Those in the highest quartile of sugars intake had a relative risk of 1.22 of developing caries; this increased to 1.8 for approximal caries. Both high-and 'low'-sugars groups had sugars intake >10% energy. * Rodrigues et al., 1999 Primary Participants were 2.99 times more likely to have higher caries when free sugar was 16% E (53.3 g) compared with < 10% E (~7.5% E) (22.9 g). At the lower level of sugars intake (7.5% E, 22.9 g/day), 1 dmfs/yr developed. MacKeown et al., 2000 Primary 259 South African children aged 1 yr at baseline. Change in caries incidence and prevalence between 1 and 5 yrs was not significantly associated with added sugars intake. Prevalence of caries increased from 1.5% at age 1 (when sugars intake ~6% E) to 62.2% at age 5 (when sugars intake >14.4% E). * Karjalainen et al., 2001 Primary 135 Finnish children aged 3 yrs at baseline. Sucrose intake in those who developed caries was >10% E. Sugars intake in those who remained free of cavities (WHO criteria) was < 9% E.
* Ruottinen et al., 2004 Primary and permanent Children in Finland studied from 7 mos to 10 yrs. Comparison of highest and lowest 5 percentiles. DMFT was 0.5 when sucrose was < 10% E (~8% E) and was 1.4 when sucrose intake was >10% E. The mean dmft/DMFT was 3.9 when sucrose was >10% E and was 1.9 when sucrose intake was <10% E. The mean dmft was 2.7 when sucrose intake was >10% E. and it was 1.1 when sucrose intake was < 10 E.
Studies providing data that enabled comparisons of levels of dental caries development between levels of free sugars consumption above and below 10% of energy intake † , highlighted (*). † For adults and older children, 10% E equates to approximately 55 g/day; for children aged 7-10 yrs, this equates to approximately 50 g per day, for children aged 4-6, 44 g/day, and, for 1-to 3-year-olds, to approximately 32 g/day based on the UK Estimated Average Requirement for energy intake for each group (Department of Health, 1991). In the studies that reported total sugars (Rugg-Gunn et al., 1984; Burt et al., 1988) , free sugars made up a sizable proportion of total sugars, the proportion of free sugars increasing as total sugars intake increased. ¥ References cited are for the first publication from the corresponding cited study. Where studies are associated with more than one paper, a full list of references from each is provided in Supplemental Material 3.
other studies did not report an effect size for caries. The study by Battellino et al. (1997) supports a large effect but is likely to be overestimated due to confounding by socio-economic status.
From all studies available that presented data in a suitable format for pooling (for all study designs, see Appendix), comparisons of higher and lower sugars intake were SMD for DMFT 0.82 (95% CI 0.67, 0.97), and when measured as caries prevalence, the risk ratio was 7.15 (95% CI 2. 82, 8.14) . Overall, the quality of evidence, assessed by the GRADE process, categorized the evidence for an effect on dental caries of increasing or decreasing sugars intake as 'moderate' for both children and adults. The GRADE summary tables are in the Supplemental Material 4. Population studies support the dose-response effect, with 18 out of 20 showing a positive, one a neutral, and one a negative association (Tables 2, 3) between sugars intake and dental caries. Nine population studies provided evidence of positive correlations between sugars intake and caries levels [Schulerud, 1950 (Supplemental Material 3) ; Koike, 1959; Takahashi, 1959; Buttner, 1971; Sreebny, 1982; Woodward and Walker, 1994 (developing countries only); Miyazaki and Morimoto, 1996; Diehnelt and Kiyak, 2001 (developing countries only); Downer, 1999] (details in Supplemental Material 3).
Effect of restricting Free sugars intake to < 10% E
Five of the 8 cohort studies identified enabled us to compare dental caries development when sugars consumption was equivalent to a level < 10% E or > 10% E (Rugg-Gunn et al., 1984; Stecksen-Blicks and Gustafsson, 1986; Rodrigues et al., 1999; Karjalainen et al., 2001; Ruottinen et al., 2004) (summarized in Table 4 ). All studies accounted for fluoride exposure. A consistent association between sugars intake and caries was detected. The results from all studies found higher caries with sugars intake > 10% E compared with < 10% E. There was no evidence of indirectness although all 5 cohort studies were conducted in children, for the reasons already described. The quality of evidence as assessed by the GRADE process was classified as 'moderate' for both children and adults. The GRADE summary tables are in Supplemental Material 4.
It was not possible to combine the data from the 5 cohort studies to produce a forest plot, because of the aforementioned variability in data reporting. However, by combining data from all study types that presented data in a similar format, crude 'forest plots' were derived to provide a visual representation of the combined data, presented in the Appendix.
Analysis of data from the identified population studies supports the cohort data. Nine of 10 population studies that enabled a comparison showed lower caries (< DMFT 3) when sugars intake was < 15 to 20 kg/person/yr (< 40-55 g/day < 10% E) compared with higher intakes [Schulerud, 1950; Toverud, 1957; Koike, 1959; Takahashi, 1959; Fisher, 1968; Shimamura, 1974; Sreebny, 1982; Woodward and Walker, 1994; Miyazaki and Morimoto, 1996; Jamel et al., 2004] , and one study showed DMFT < 4 when sugars intake was < 20 kg/person/yr (Buttner, 1971 ).
Effect of restricting Free sugars intake to < 5% E
Three national population surveys of Japanese children (Table 5) were identified that enabled dental caries to be compared when annual per capita sugars < 10 kg/person/yr (~5% E) vs. >10 kg but < 18.25 kg/yr (~10% E). These showed lower caries progression when per capita sugar was < 10 kg/yr. The study first reported by Takahashi (1959) found a log-linear relationship between dental caries increment and sugar intakes between 0.2 kg and 5-7.5 kg/person/yr in first permanent molars erupted for 7-8 yrs (r = +0.8). Koike (1959) also found a log-linear relationship between sugar consumption and annual dental caries incidence between a sugar intake of 0.1 and 15 kg/person/yr. The correlation between sugar and dental caries was r = +0.8 in the lower first permanent molars and r = +0.6 for the upper first permanent molars. Okuya (1960) showed that dental caries decreased (but not to zero) when sugar availability decreased Takahashi, 1959 (Tokyo, Japan) First permanent molars Sugars availability before WWII was 15 kg/person/yr and decreased to 0.2 kg (0.1% E) in 1946. Log-linear relationship between sugars and caries increment between 0.2 kg and 5-7.5 kg/ person/yr in teeth erupted for 7-8 yrs, r = 0.8. Okuya, 1960 (Tokyo, Japan) Second permanent molars Sugars decreased from 15 kg/person/yr to <10 kg/person/yr. Dental caries decreased but not to zero. Correlation between sugars and caries in second molars was 0.7. Koike, 1959 (Kyoto, Japan) Lower and upper first permanent molars Sugars intake decreased from 15 kg/person/yr to < 10 kg/person/yr. Dental caries decreased but not to zero. Mean correlation between sugars availability and annual caries incidence rate was 0.8 in the lower first permanent molars and 0.6 for the upper first permanent molars. Straight-line log-linear relationship between sugars and annual caries incidence between 0.1 and 15 kg/person/yr. ¥ References cited are for the first publication from the corresponding cited study. Where studies are associated with more than one paper, a full list of references from each is provided in Supplemental Material 3.
from 15 kg to < 10 kg/person/yr. The correlation between sugar intake and dental caries was +0.7 in second permanent molars. A GRADE profile table was generated from these studies (Supplemental Material 4). Because of the problems inherent in using per capita sugars consumption data, the quality of evidence was downgraded for risk of bias. There was no evidence of inconsistency: The results from all of the 3 studies found higher caries with higher sugars intake. Data were not downgraded for indirectness, although all were conducted in permanent dentition of children, for the reasons already described. The studies were undertaken in populations with low fluoride exposure, and thus show indirectness in extrapolation to populations with good fluoride exposure. The GRADE quality assessment process characterized the quality of this evidence as Very Low (see Supplemental Material 4). Only 3 worldwide ecological studies enabled average DMFT of 12-year-olds to be compared when annual per capita sugars availability was < 10 kg vs. > 10 kg -< 20 kg. Of these, 1 showed lower average DMFT in children consuming the lower level of sugars.
DiscussiOn
This in-depth systematic literature review has identified largely consistent evidence supporting a relationship between the amount of sugars intake and the development of dental caries across age groups. Moreover, based on the objective criteria defined in the GRADE process, the evidence has been classified as of moderate quality. The review process has also shown evidence of moderate quality to support limiting intake of free sugars to < 10% E and, moreover, has provided some evidence, albeit classified as of very low quality, to indicate the benefit of limiting free sugars intake to < 5% E. Although meta-analysis was limited, analysis of the data indicated a large effect size for the impact of sugars intake on dental caries [e.g., SMD for DMFT 0.82 ]. An important strength in this review is the consistency of the data, despite methodological weaknesses in many studies, the long time period over which the studies were conducted, and the variability in the study approaches taken.
Effect of Fluoride
Many studies support the protective role of fluoride as the most important factor that has led to a decline in dental caries in Northern Europe, North America, and Australia; nonetheless, dental caries persists in these countries (especially in adults). However, it has been suggested that fluoride retards the development of cavitation lesions to a later age (Sheiham, 2001) . Evidence from a number of identified studies shows that, despite the protection offered by fluoride, the relationship between sugars and dental caries remains (Rugg-Gunn et al., 1984; Burt et al., 1988; Marthaler, 1990; Holt, 1991; Sivaneswaran and Barnard, 1993; Künzel and Fischer, 1997; Arnadottir et al., 1998; Leite, 1999; Rodrigues et al., 1999; Ruottinen et al., 2004; Masson et al., 2010) . Moreover, many parts of the world do not benefit from fluoride exposure. All of the cohort studies used in the GRADE analysis comparing free sugars intake > 10% E and < 10% E considered fluoride exposure. The national survey data used in the GRADE analysis comparing sugars availability < 5% E and > 5% E were obtained from non-fluoridated populations. However, this does not necessarily mean that fluoridated populations would not potentially benefit from this lower level of sugars, because, as discussed, the impact of sugars on dental caries in populations exposed to fluoride may manifest at a later age.
The purpose of this review was to provide evidence to assist WHO to establish recommendations for levels of dietary sugars intake based on a quantifiable amount. For this reason, the evidence relating to amount, and not frequency, of sugars was assessed.
GrADE Quality Assessment
Criteria from GRADE for assessing the strength of the evidence recognizes, in the absence of RCTs, evidence from other study types as important. In the absence of RCTs, the GRADE profiles (Supplemental Material 4) were based on the identified cohort studies. In the absence of RCTs with which to conduct funnel plots and limited possibility to combine data, publication bias was difficult to assess. Of the 8 cohort studies included in the GRADE analysis, only 2 declared source of funding, both from national agencies. The GRADE assessment relating to the impact of increasing/decreasing sugars on caries risk was based on all identified cohort studies. The GRADE assessment of the evidence comparing caries levels at free sugars intake above and below levels equivalent to 10% E was based on the 5 cohort studies that provided data enabling this comparison to be made. The data used in the GRADE assessment, though based solely on cohort studies, are compatible with and supported by data from other studies: Evidence from population studies showed lower dental caries when sugars intake was < 10% E; however, sugars intake was estimated from per capita sugars intake/availability assessed at a national level, and confounders such as fluoride exposure are not accounted for. Since population studies will incur a higher risk of bias, they provide lower quality evidence.
The recommendation of the 2002 Joint WHO/FAO Expert Consultation on 'Diet, Nutrition and the Prevention of Chronic Diseases' (WHO/FAO 2003) , that free sugars should provide no more than 10% E, was largely based on data from population studies. The present GRADE analysis of data from cohort studies further strengthens the evidence showing lower caries when free sugars intake is < 10% E.
limiting Free sugars intake to < 5% E In the most recent review by WHO on the impact of sugars on dental caries (WHO/FAO, 2003), consistent evidence from population studies was found to show that when free sugars availability/intake was < 15 to 20 kg/person/yr (< 10% E), the average DMFT of 12-year-old children was < 3 (the WHO oral health goal for 2000). However, by modern-day standards, this is not considered to be 'low'. Moreover, in most studies, dental caries was diagnosed at the cavitation level -a late stage in the disease process. The pathological process of dental caries begins well before cavitation. Although, for the purposes of worldwide epidemiological surveys, assessing dental caries at the cavitation level remains the norm, in many industrialized countries, surveys use scoring systems that diagnose caries at the pre-cavitation stage as well as the cavitation stage [e.g., International Caries Detection and Assessment System (ICDAS)]. Precavitation damage may occur at levels of sugars intake below that associated with low/no cavities.
The studies included in the GRADE analysis of the effect of limiting free sugars intake to < 10% E showed that dental caries levels were lower when sugars intake is < 10% E compared with > 10% E. However, even the groups with free sugars intake < 10% E had some caries (in 1/5 studies, children were free of cavities). Likewise, the population studies showed dental caries levels in children aged 12 yrs to be lower (< DMFT 3), but not absent, when sugars intake is < 15-20 kg/person/yr.
Most dental surveys have looked at children (often aged 12 yrs) in whom the permanent teeth are relatively newly erupted. Dental caries is a progressive disease -being free of cavities at age 12 yrs does not mean being caries-free for life. Most dental caries is now occurring in adults. Analysis of data shows that dental caries in childhood progresses to adulthood. Analysis of trajectories in caries trends indicates that even when DMFT of children is < 3, a high incidence of dental caries occurs in adults: Analysis of data from the Dunedin Longitudinal Study shows that children with DMFS < 3 go on to develop DMFS 15 by the age of 32 yrs (Broadbent et al., 2008) . The National Chinese Dental Surveys showed that DMFT increased from 4.3 at age 20 yrs to 6.5 by 29 yrs, and from 7.6 at age 30 yrs to 11.3 at age 39 yrs (when sugar availability was < 10 kg/person/yr). High dental caries incidence occurs in adult populations even in the presence of fluoride: An annual caries increment of 1 carious surface/ person has been reported in older adults in the USA (Griffin et al., 2005) . It is incorrect to assume that low dental caries at age 12 yrs is indicative of good dental health in a population throughout the life course. Even small reductions in risk of dental caries in childhood are significant to later life.
Epidemiological evidence of children and adults with low sugars intake is sparse, and only 3 national population studies were found (Koike, 1959; Takahashi, 1959; Okuya, 1960) . All showed that reducing sugars to < 10 kg/person/yr (~ 5% E) decreased dental caries compared with when sugars intakes were > 15 kg/person/yr. Therefore, although a sugars intake below 15 to 20 kg/person/yr (or < 10% E) will reduce risk of dental caries, it is not correct to say that it will prevent caries activity in all age groups across the life course. The ecological studies used in the GRADE analysis provide evidence, albeit classified as of very low quality, to show lower risk of dental caries with sugars intake < 5% E compared with > 5-< 10% energy. Analysis of these data, in addition to evidence showing the progressive nature of dental caries and the lifelong impact of sugars on dental health, suggests further benefits from limiting free sugars intake to < 5% E.
research requirements
There are few data on the impact on caries of reducing sugars through dietary interventions and health education. Research into feasible approaches to reduce free-sugars intake and the impact on dental caries, through well-designed controlled intervention studies in different age groups, in areas with and without exposure to fluoride is needed.
There are few data on the relationship between sugars and dental caries in adults and older people. Since the burden of disease moves to adulthood, it is important that the relationship between diet and dental caries be investigated in these groups. Because of the continuing trend to retain teeth into later life, coupled with the increase in the older population globally, research into sugars intake in relationship to development of caries, and the impact of caries-preventive strategies, in these older age groups is needed.
This systematic review has highlighted the diversity of reporting sugars intake. There is a need to develop feasible standardized methods to assess free sugars intake to facilitate surveillance across populations.
cOnclusiOns
This in-depth systematic review shows consistent evidence of moderate quality supporting a relationship between the amount of sugars consumed and dental caries development.
There is evidence of moderate quality to show that dental caries is lower when free-sugars intake is < 10% E.
Dental caries progresses with age, and the effects of sugars on the dentition are lifelong. Even low levels of caries in childhood are of significance to levels of caries throughout the lifecourse. Analysis of the data suggests that there may be benefit in limiting sugars to < 5% E to minimize the risk of dental caries throughout the life course.
